Nontuberculous mycobacteria (NTM) have emerged as an important cause of opportunistic nosocomial infections. NTM has frequently been isolated from hospital water distribution systems.
INTRODUCTION
Water is one of the most important reservoirs of the nontuberculous mycobacteria (NTM). Isolation of NTM from potable water samples was first reported in the early 1900s (Eilertsen ; Collins et al. ) . Potable water, water coolers, ice and ice machines, hemodialysis supply network, showers, dental unit water, tub immersion, and water baths are noticeable water reservoirs in the hospitals (Vaerewijck et al. ) . Being tolerant to a wide range of pH and temperature, being resistant to chlorine and able to form biofilms Recent progress in sequencing of conserved genes such as 16S rRNA, hsp65, rpoB, dnaj, sodA and the 16S-23S internal transcribed spacer (ITS) region, brought more accurate and faster recognition of NTM at the species level. In the late 1980s, use of the 16S rRNA gene became a 'gold standard' for identification of bacteria (Woese ) . In the past decade, the use of polymerase chain reaction (PCR) and sequencing of 16S rRNA gene has played a central role in the discovery of new bacteria. With the use of 16S rRNA sequencing, 215 novel bacterial species have been discovered during 2001 to 2007 (Woo et al. ) . However, this genetic marker also has some limitations (having very similar and sometimes the same sequences) in a number of the mycobacteria species, especially in rapidly growing mycobacteria (RGM). Also, two copies of the 16S rRNA gene (with different sequences) can be found in the same mycobacteria (Reischl et al. ) . The other conserved genes such as hsp65 and rpoB have been used for more accurate identification of very closely related species. In 1993, Telenti et al. developed a molecular method for NTM differentiation based on amplification of a 441 bp of the 65 kDa heat-shock protein gene (hsp65) by PCR and restriction enzyme analysis (PRA) (Telenti et al. ) . However, identifications with this gene are usually based on PCR PRA; identifications based on the hsp65 sequence have also been performed (Ringuet et al. ) . This gene, which is present in all mycobacteria, is more variable than the 16S rRNA gene sequence and is therefore potentially useful for the identification of genetically related species. The hsp65 sequence analysis has also been used successfully for differentiation of mycobacterium species and this genetic marker has been a better identification tool (Kim et 
MATERIALS AND METHODS

Study design and sample collection
In this study, a total of 120 water samples were collected from different sources of target hospitals between August 2015 and April 2016 in Tabriz, Iran. Sterile flasks were used to collect the samples; each sample was removed after 1 min of free flow. Samples were transported to the laboratory and processed in the day of collection. The samples consisted of shower water (n ¼ 21), water cooler (bottle-less water coolers, which were connected to a water supply, and bottled water coolers, which require delivery of water in large bottles by hospital personnel, n ¼ 34), potable faucet water (piped drinking water, n ¼ 33), non-potable faucet water (tap water used for irrigation of the trees and lawns on the hospital campus, n ¼ 17) and hemodialysis supply network (n ¼ 15).
Bacterial culture
About 400 mL of samples were filtered through membranes with 0.45 μm pore size and 30 mm diameter (Millipore, PES Syringe Filter, Orange Scientific, Belgium) at the laboratory of Microbiology of TUOMS. Each filter was aseptically transferred into a separate sterile 15 mL tube containing 2 mL sterile distilled water (SDW). For each tube, 2 mL of 0.01% cetylpyridinium chloride (CPC, cetylpyridinium chloride monohydrate for synthesis; Merck 84008, Merck KGaA, Darmstadt, Germany) was added. The tubes were vortexed for 15 min at 3,000 rpm, membranes were aseptically removed, and the tubes were centrifuged at 6,000 rpm for 15 min at room temperature. The supernatant was discarded and 400 μl SDW was added to sediment in order to dilute the residual CPC. The sediment was inoculated onto Lowenstein-Jensen medium and incubated in duplicate cultures at 30 W C and 37 W C for 8 weeks. Mycobacteria growth was controlled weekly. The Ziehl-Neelsen staining technique was used to confirm the suspected colonies to be acid-alcohol-resistant bacilli.
DNA extraction
DNA was extracted as described by van Soolingen et al.
(). In short, a loop-full of mycobacterial cells was suspended in 500 μl of 1X TE buffer (10 mM Tris-HC1, 1 mM EDTA, pH 8.0) and was heated at 80 W C for 20 min in order to lyse the cells. Then, 50 μl of lysozyme (final concentration of 1 mg/ml) was added and incubated for 1 h at 37 W C; 70 μl of 10% sodium dodecyl sulfate (W/V) and 6 μl of proteinase K (at a 10 mg/ml concentration) were added, and the mixture was incubated for 10 min at 65 W C. Following an incubation for 10 min at 65 W C, 80 μl of N-Cetyl-N,N,N-trimethylammonium bromide was added. An equal volume of chloroformisoamyl alcohol (24:1, vol/vol) was added, and the mixture was vortexed for 10 s. After centrifugation for 5 min at 12,000 rpm, isopropanol was added in the volume of equal to almost 60% of the supernatant volume in order to precipitate the nucleic acids. After 30 min incubation at À20 W C and centrifugation for 15 min at 12,000 rpm, the pellet was washed with 70% cold ethanol and then the air-dried pellet was dissolved in 20 μl of 0.1 X TE buffer (1 mM Tris-HCI, 0.1 mM EDTA, pH 8.0). The extracted DNA samples were stored at À20 W C prior to the next steps.
PCR amplification of 16S rRNA and hsp65 genes
This study used the sequence analysis of the hsp65 and 
Statistical analysis
Descriptive tests like frequency and mean were applied to analyze the data using SPSS v.16 software (SPSS Inc., Chicago, IL, USA). In the present study, a short sequence of the 16S rRNA gene was analyzed; therefore, most mycobacteria species were identified with the sequence analysis of the hsp65 gene.
Although the analysis of the 16S rRNA gene is prevalent, it still has several limitations. Therefore, a combination of hsp65 with 16S rRNA gene analysis is an effective method for identification of Mycobacterium species.
In the present study, we found 12 species of NTM in water samples, of which the most common was software (Kumar et al. 2016) . The support of each branch, as determined from 1,000 bootstrap samples, is indicated by percentages at each node. Mycobacterium tuberculosis strain H37Rv was used as the out-group. The scale bar represents a 0.02 difference in nucleotide sequences. procedures. Therefore, we recommend that the water used for these patients be filtered. For prevention of probable NTM diseases in immunocompromised patients, antimicrobial prophylaxis is recommended. Also, the results of several studies show that distribution and frequency of NTM species in various geographical areas is different. Moreover, partial sequence analysis of 16S rRNA gene alone is not sufficient for the identification of NTM species. The analysis of more than one gene can be an effective way for differentiation between closely related species. In this regard, our study showed that sequence analysis of the hsp65 gene is an accurate, reliable, and useful means of identification of NTM.
research at TUOMS for support of the current study (Project Number: 931105).
